To assess the effect of a program that encourages teamwork between physicians and pharmacists on attempts to lower total cholesterol levels and to meet recommended goals proposed by the National Cholesterol Education Program (NCEP).
urrent National Cholesterol Education Program (NCEP) guidelines use coronary heart disease and related risk factors to assist in providing recommendations for the treatment of hypercholesterolemia and to determine the goals that should be reached in order to minimize the risk of new or recurrent coronary episodes. 1 Using these guidelines, it is estimated that 52 million Americans would be candidates for dietary therapy and as many as 12.7 million would be candidates for cholesterollowering medication. 2 These numbers and the implications from the NCEP guidelines suggest that the success in achieving NCEP goals could have a major impact on reducing the risk of morbidity and mortality from coronary heart disease. 3, 4 As a result, identifying programs that increase the capacity for NCEP guidelines to be successful is important.
Unfortunately, experience has shown that publishing and distributing national guidelines has not sufficiently contributed to altering physician approaches to managing patients with elevated levels of total cholesterol. 2 Focused programs at the local level have called for modification in those practice patterns that are resistant to change. 5, 6 One type of proposed intervention has been to encourage physician consultation with a clinical pharmacist. Although such an approach has worked successfully for non-lipidaltering medications, 7 a positive effect of a pharmacist interaction on broad-based approaches to lipid management involving medication, diet, and behavioral recommendations has not been demonstrated previously in a controlled clinical trial.
METHODS

Patient Enrollment
This controlled clinical trial was conducted at The Queen Emma Clinic, a teaching clinic located in The Queen's Medical Center and affiliated with the John A. Burns School of Medicine at the University of Hawaii. The clinic serves approximately 10,000 mostly indigent patients in downtown Honolulu. The practice of primary care medicine at the clinic is divided into two groups having physicians of equal experience. Each practice has five at-tending physicians under whose supervision there are five third-year medical residents, four second-year medical residents, and six medical interns.
Study enrollment occurred over a 1-year period beginning in October 1993, 4 months after publication of the "Summary of the second report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II)." 1 Patients eligible for the study included individuals with total cholesterol concentrations of 240 mg/dL (6.2 mmol/L) or more within 6 months before randomization and study inception. Participants may or may not have been treated for hypercholesterolemia. Minors and patients unable to sign an informed consent form were not included among the study participants. The study was approved by The Queen's Medical Center Institutional Review Committee.
Before the inception of the study, patients were randomly allocated to one of the two group practices. One practice comprised the control arm of the study, and the other practice comprised the intervention arm. Patient recruitment for the study was stopped when 50 patients in each group were identified who met entry criteria. Patients were followed in each arm of the study for 6 months from the date of study entry. Although clinic visits were scheduled for the beginning and the end of the study, interim visits also occurred during follow-up.
During the course of the study, there was one death in the intervention group. The patient had moved to Micronesia, stopped taking prescribed medications, and died 4 months later from a myocardial infarction. Two patients in the intervention group and two patients in the control group were lost to follow-up. One patient in the control group died of meningitis. At the time the study was completed, there were 47 patients able to be evaluated in the intervention and control groups. Throughout the study, patients received medical attention exclusively by physicians from the group practice to which they were assigned.
Intervention and Control Groups
In the intervention arm, a pharmacist routinely advised and interacted with patients and physicians on the best course of pharmacologic therapy. This included recommendations on dosage, drug selection, and monitoring. In accordance with the NCEP guidelines, the pharmacist recommended the initiation of drug treatment only when low-density lipoprotein (LDL) levels were more than 30 mg/dL above the target level. In the event that the physician had already initiated pharmacologic treatment before entry of the patient into the study, the pharmacist made further recommendations based on the cost and effectiveness of the medication. Recommendations for cholesterol modification that adhered to NCEP guidelines were entered into outpatient charts. To ensure consistency in the application of the intervention over time, NCEP guidelines and the study objectives and instructions were reviewed monthly by a pharmacist with residents and interns who may have rotated onto duty within the intervention group. At each clinic visit, intervention group patients met with the pharmacist for 30 minutes before seeing their physician. The pharmacist took a medication history, answered questions, and encouraged compliance. In addition, the pharmacist was responsible for keeping track of costs of drug regimens, determining the least costly regimen, and recommending that regimen to the physician. The pharmacist did not give dietary advice or make direct referrals to other health professionals.
During the patient visit, the pharmacist reviewed relevant laboratory data with the physician. The pharmacist also attached recommendations for the physician to the front of the patient's chart. Recommendations were reviewed with the resident or intern as well. The resident or intern then saw the patient and discussed management with a supervising attending physician. The resident and attending physician decided whether to accept or reject the pharmacist's recommendations.
In the treatment arm, the primary care physicians retained responsibilities to assess secondary causes of hyperlipidemia, monitor and treat other cardiovascular risk factors, review relevant laboratory data, assess individual patient preferences and unique circumstances in formulating an individual treatment plan, and manage comorbid conditions.
In the control group, patients received usual care by the resident physicians and interns under supervision of the control arm physicians. Interns, residents, group physicians, and patients did not cross over between the study and control groups. In the control arm, standard medical practice also included access to a pharmacy clerk for answers to patient questions and to clarification and processing of orders for medication. In contrast to the intervention group, access to the pharmacy clerk in the control arm was initiated by the patient. Participants were not told whether they would be in the intervention or control groups.
Lipid and Lipoprotein Determination
Baseline blood specimens were collected at study inception, and the final specimens were collected 6 months after the study began in the study and control groups. Lipid profile blood specimens were drawn and collected in SST vacutainer tubes. All sampling was done after an overnight fast of at least 12 hours. Serum was separated in a centrifuge within 1 hour after being drawn and transferred to aliquot tubes for determination of total and highdensity lipoprotein (HDL) cholesterol. Levels of HDL cholesterol were measured in the supernatant fractions after precipitation of very-low-density lipoprotein and LDL cholesterols with phosphotungstic acid and magnesium ions. Levels of LDL cholesterol were calculated from the following formula 1, 8 : LDL cholesterol ϭ (Total cholesterol Ϫ HDL cholesterol) Ϫ (Triglycerides/5).
Outcome Measures
The primary outcome of the study to assess intervention performance was based on the absolute change in total cholesterol concentration from the baseline enrollment value. As NCEP guidelines are based on calculated LDL cholesterol, 1 intervention performance was also assessed by observing whether NCEP goals were achieved depending on the number of risk factors that characterized a patient at study entry and by the presence or absence of coronary heart disease. Absolute changes in LDL cholesterol were not evaluated in this report because calculated LDL cholesterol for individuals with triglycerides exceeding 400 mg/dL (4.5 mmol/L) or with chylomicronemia or other forms of hyperlipoproteinemia may differ considerably from true LDL cholesterol. 8, 9 Risk factors identified by the NCEP guidelines include age ( Ն 45 years for men, Ն 55 years for women, or premature menopause without estrogen replacement therapy), family history of premature coronary heart disease, smoking, hypertension, HDL cholesterol below 35 mg/dL (0.9 mmol/L), and diabetes mellitus. 1 The definition of prevalent coronary heart disease and diabetes at study enrollment was based on medical records, a physician diagnosis, or a reported history by a patient. Coronary heart disease was often confirmed by records of a hospital admission and discharge for acute myocardial infarction or a reported medical history of angina pectoris or coronary insufficiency confirmed by patient records. A diagnosis of diabetes was based on a reported medical history that was confirmed by patient records or the use of insulin or oral hypoglycemic therapy. Hypertension was defined in the presence of a systolic blood pressure of 160 mm Hg or higher or a dia-stolic blood pressure of 95 mm Hg or higher based on consecutive readings by an attending nurse using a standard sphygmomanometer. Subjects receiving medications for the treatment of high blood pressure were also considered to be hypertensive.
For patients without coronary heart disease and fewer than two risk factors, the NCEP goal is to achieve an LDL cholesterol level less than 160 mg/dL (4.1 mmol/L). For patients without coronary heart disease and with two or more risk factors, the goal is to achieve an LDL cholesterol level less than 130 mg/dL (3.4 mmol/L). For patients with coronary heart disease, the goal is to achieve an LDL cholesterol level less than 100 mg/dL (2.6 mmol/L).
Statistical Methods
Comparisons between the control and the intervention groups were based on two-sample Student's t tests for total cholesterol and continuous baseline characteristics. 10 Analysis of the data using nonparametric methods had little effect on the reported findings. 10 For total cholesterol, a log transformation was used to improve statistical estimation and inference. For categorical data, Fisher's Exact Test was used to determine if a categorical response was more frequent in the control group than the intervention group. 10 Fisher's Exact Test was also used to determine whether the frequency that a patient met a study objective to lower LDL cholesterol was associated with the intervention. To determine if baseline levels of total cholesterol could account for any of the observed group differences in a response due to intervention, analysis of covariance models were used. 11 All hypothesis testing was conducted at a two-sided level of significance.
RESULTS
There were 69 women and 25 men who completed the study with an average age of 57 Ϯ 12 years. The youngest woman was 29 years old and the youngest man was 33. The oldest woman and man were 85 and 77 years, respectively. Table 1 describes the baseline patient characteristics. None of the differences in the distribution of patient characteristics was statistically significant. Table 2 describes the baseline health status of the patients that might be related to the study outcomes for the control and intervention groups. None of the entry measures of health status differed significantly between the intervention and control groups.
The pharmacist made 186 recommendations over the 6-month study period. There were 17 recommendations for a change in dose, 59 for a change in medication, 95 for monitoring, and 15 for patient education by personnel other than the pharmacist or physician (e.g., a dietitian). Overall, physicians accepted 90% (167/186) of the pharmacist's recommendations. All recommendations with regard to patient education, as well as 94% of recommendations to alter dosing and 93% of recommendations for patient monitoring were accepted by the intervention group physicians. As a result of the pharmacist recommendations, there were 27 medications started in the intervention group: 12 of pravastatin, 7 of nicotinic acid, 2 of premarin, 2 of cholestyramine, 3 of aspirin, and 1 of lovastatin. Twenty-one medications were discontinued at the pharmacist's recommendation: 6 of lovastatin, 4 of cholestyramine, 4 of pravastatin, 3 of niacin, 1 of aspirin, 1 of premarin, 1 of gemfibrozil, and 1 of dyazide. There were 16 accepted recommendations for increases in medication dosages: 11 of niacin, 4 of pravastatin, and 1 of cholestyramine. Physicians declined to accept 19% (11/59) of the pharmacist recommendations for a drug selection. The 11 refusals to accept a drug selection were nearly evenly divided between 2 of the 20 physicians who participated in the study. Of the refused recommendations, there were 3 to start premarin, 2 to start pravastatin, 1 to start nicotinic acid, 1 to start "a lipid-lowering agent" not further specified, 1 to increase lovastatin, 1 to discontinue a ␤ blocker and start a calcium channel blocker instead, 1 to discontinue gemfibrozil, and 1 to discontinue lovastatin.
The percentage of patients who achieved the goal of lowering LDL cholesterol to levels described by NCEP guidelines is shown in Figure 1 . The success rate in the intervention group was double the rate in the control group (43% vs 21%, p Ͻ .05). Within the intervention group, patients for whom the physician declined the pharmacist's recommendations fared worse than those for whom recommendations were accepted. Only 2 (17%) of 12 patients for whom recommendations were declined met their NCEP goals, compared with 18 (51%) of 35 patients for whom recommendations were accepted ( p ϭ .047).
The effect of the intervention in terms of meeting NCEP goals tended to be greater in women than in men. Women in the intervention group were more than twice as likely as women in the control group to meet NCEP goals (39% vs 16%). Although the number of men enrolled in the study was small, NCEP goals were achieved by half of the men in the intervention arm and by 44% in the control arm.
In contrast to meeting NCEP goals, the effect of the intervention on reducing total cholesterol concentrations from study entry to closure were similar in men and women (see Fig. 2 ). For the intervention group, total cholesterol levels in men declined 57 Ϯ 50 mg/dL (1.5 Ϯ 1.3 mmol/L). In the control group, average levels of total cholesterol declined by 26 Ϯ 28 mg/dL (0.7 Ϯ 0.7 mmol/L). For women, the average decline in total cholesterol levels was 37 Ϯ 45 mg/dL (1.0 Ϯ 1.2 mmol/L) in the intervention group as compared with 9 Ϯ 55 mg/dL (0.2 Ϯ 1.4 mmol/L) in the control group ( p Ͻ .05). Although there 
FIGURE 1.
Percentage of men and women who achieved the NCEP goal of lowering LDL cholesterol within intervention and control groups. For patients without coronary heart disease, the goal was to lower LDL cholesterol to under 160 mg/dL (4.1 mmol/L) in patients with fewer than two baseline risk factors and to under 130 mg/dL (3.4 mmol/L) in patients with two or more baseline risk factors. For patients with coronary heart disease, the goal was to lower LDL cholesterol to under 100 mg/ dL (2.6 mmol/L).
appeared to be a tendency for men to have a greater reduction in total cholesterol than women, the difference was not statistically significant ( p ϭ .18), even after adjustment for baseline levels of total cholesterol. The effect of the study intervention was most apparent in patients with the least favorable risk factor profiles. For patients with coronary heart disease or with two or more risk factors, 38% (13/34) of those in the intervention arm reached an NCEP goal as compared with 14% (5/36) in the control arm ( p Ͻ .05). For patients without coronary heart disease and fewer than two risk factors, 54% (7/13) reached an NCEP goal in the intervention arm and 45% (5/11) in the control arm. The latter difference was not statistically significant.
In terms of absolute reductions in total cholesterol concentrations, Figure 3 confirms that the intervention had its greatest effect on patients with coronary heart disease ( p Ͻ .01), followed by those without coronary heart disease but with two or more risk factors ( p Ͻ .05). There was no significant effect on subjects without coronary heart disease and with fewer than two risk factors. Among patients in the intervention arm (see Fig. 3 ), the average reduction in total cholesterol concentrations increased significantly as risk profiles became more adverse ( p Ͻ .01). For patients in the control arm, reductions in total cholesterol levels were similar across risk factor strata.
Age was not a factor in affecting the performance of the intervention. Although among patients aged 65 and older, significantly more of those in the intervention arm met their NCEP goal (7/12) as compared with those in the control arm (4/15, p Ͻ .05), similar benefits were observed in younger patients in the intervention arm (15/37) versus the control arm (7/32). Although the latter difference in the younger patients was not statistically significant, younger patients in the intervention group were able to lower their total cholesterol levels by significantly greater amounts (45
The last month's mean medication charge dropped $11.40 per patient from the first month's in the intervention group. There was a $3.82 increase in the control group. The difference in the changes in medication charges between the groups was not statistically significant.
In contrast, during the 6-month study period, there were 108 lipid profiles and 35 hepatic function panels ordered for the intervention group as compared with 67 lipid profiles and 9 hepatic function panels for the control group. There were no significant differences in the number of urinalyses, serum chemistry panels, complete blood counts, or blood glucose determinations. Frequencies of visits to the emergency department and referrals to a dietitian also did not differ significantly. Clinic visits were significantly more common in the intervention group (12 on average) than in the control group (9 on average, p Ͻ .05).
DISCUSSION
The physician and pharmacist team achieved NCEP goals with a success rate double that of a control arm reflecting a traditional primary care internal medical practice (43% vs 21%, p Ͻ .05). Total cholesterol levels in the intervention arm declined 44 Ϯ 47 mg/dL (1.1 Ϯ 1.2 mmol/L) versus 13 Ϯ 51 mg/dL (0.3 Ϯ 1.3 mmol/L) in the control arm (p Ͻ .01). The effect of intervention was most evident in patients with coronary heart disease (p Ͻ .01) followed by those without disease but with two or more coronary heart disease risk factors (p Ͻ .05). An effect of intervention was not observed in patients without coronary heart disease and with fewer than two risk factors.
Although the results in this report are limited to a single institution, the effectiveness of a pharmacist consultation is consistent with previous investigations in which one-to-one educational outreach by a pharmacist in improving physician prescribing habits has been shown to be effective. 7 Others have also demonstrated the superiority of a pharmacist interaction over other modes of intervention including computer-generated feedback to physicians. 12 In an observational study, Shaffer and Wexler previously reported on the development of a referral lipid clinic team led by a clinical nurse, which included a clinical pharmacist, a nurse practitioner, dietitian, and clinical psychologist. 13 A consulting cardiologist reviewed all laboratory tests and therapeutic decisions at a weekly preclinic meeting. Patients in this clinic were four times more likely to reach the NCEP I goal of a cholesterol level less than 130 mg/dL compared with an age-matched sample that was drawn from other clinics using physician-based care. In another observational study, Furmaga developed a hyperlipidemia clinic in which a pharmacist provided primary care, ordered laboratory and diagnostic tests, and selected and monitored the use of lipid-lowering drugs according to the pharmacist's clinical judgment, without a set protocol. 14 The effectiveness of this clinic in reducing cholesterol was not reported.
In contrast to the Furmaga and Shaffer observational studies, this report describes a controlled clinical trial, which integrated a clinical pharmacist into a general medical practice. The pharmacist's role was defined by the more current and more complex Second Adult Treatment Panel NCEP protocol, as opposed to the first NCEP recommendations used in the Shaffer study. Specifically, our pharmacist's role was to recommend screening, advise on when to start diet therapy and when to start pharmacologic therapy, and recommend a laboratory monitoring schedule. In addition, the pharmacist was responsible for keeping track of costs of drug regimens and determining the least costly regimen, answering patient questions, obtaining a drug history, and encouraging patient compliance.
In this trial, both positive and negative factors may have contributed to the findings that might prevent our study results from being applicable to other institutions. Intervention programs are bound to differ according to how aggressively they are implemented. With considerable emphasis on levels of personal interaction in the intervention arm, sustained positive rapport among physician, pharmacist, and patient is likely to be an important factor in achieving success in similar intervention strategies. Because the physician and pharmacist were aware of their roles in the current study, it is possible that they were more eager to cooperate and respect opposing opinions more often than would be the case in a general dayto-day setting. Continued medical training of the physician and pharmacist on the most current approaches to management of hypercholesterolemia is also important.
Another potential limitation of this study is that LDL cholesterol levels were calculated rather than measured for all patients, including those few with elevated triglycerides (Ͼ 400 mg/dL). Calculating LDL cholesterol levels for individuals with elevated triglycerides (Ͼ 400 mg/dL [4.5 mmol/ L]) may have limited the capacity to evaluate the success of reaching NCEP goals. 8, 9 The influence of regression to the mean may also be a factor, 15 but presumably, its contribution was evenly distributed between the control and intervention arms through the randomization process.
Nevertheless, we conclude that attempts to lower total cholesterol levels and achieve NCEP goals appear more likely to be successful when combined with a program which incorporates teamwork between physicians and pharmacists. In this study, the physician and pharmacist team was able to lower total serum cholesterol concentrations among study participants by an average amount that was more than three times greater than the average amount that occurred with standard medical care (44 vs 13 mg/dL). Using estimates from the Lipid Research Clinics Coronary Primary Prevention Trial for individuals with serum cholesterol levels above 265 mg/dL, this reduction in total cholesterol levels would correspond to a greater than 24% relative risk reduction in definite coronary heart disease deaths and a 19% relative risk reduction in nonfatal myocardial infarction annually. 16 This study has also shown that efforts to achieve the NCEP goals of reaching optimal LDL cholesterol levels in the presence of hypercholesterolemia were accomplished more successfully by introducing a team approach of physicians and pharmacists in an ambulatory primary care setting. The findings suggest, however, that such interventions might be more successful in high-risk groups in whom the consequence of an adverse risk profile is easier to recognize. Heightened awareness and an urgent need to act in the high-risk patient may have an important impact on the success of an intervention. This is in spite of the fact that the NCEP goals are harder to achieve for individuals at the highest risk of a new or recurrent coronary event. 1 It is uncertain whether the patient who falls in the lower risk strata, the physician, or the pharmacist views the need for vigorous management of elevated cholesterol as less important than for higher-risk patients. Although higher-risk patients are more likely to develop new or recurrent events, the NCEP guidelines take this into account by establishing different goals according to risk factor status. The goals are designed to be easier to achieve for low-risk patients. Once a goal has been identified, however, the NCEP guidelines do not imply that it should be pursued less vigorously for one risk stratum versus another. It seems important that the development of programs to improve lipid profiles for low-risk patients with elevated total cholesterol levels should not be neglected. Attention to low-risk patients can have an important impact on health care resources as the number of patients in the low-risk strata is sizable.
Finally, although the benefits of increased teamwork between physicians and pharmacists seem promising in improving patient management of hypercholesterolemia, implementation of such intervention programs in a general clinic setting is not without cost. The cost of directing physician and pharmacist time away from other activities to more concerted efforts of interaction must be balanced with the utilization of medication, laboratory, emergency department, and hospital services. Overall, it is difficult to quantify the cost of new programs that formally structure pharmacist consultation in the management of patients with hypercholesterolemia. Each institution needs to consider the cost of implementing such programs, as well as the degree of aggressiveness with which they are applied.
